Studies in recent years have consistently shown that polymeric drug nanocarriers can be used in drug release and drug delivery systems to treat eye disorders. To achieve effective control over drug delivery, it is of crucial importance what kind of polymer and which method for drug inclusion in the nanoscale carrier we choose and what conditions are needed for the performance of this process. OBJECTIVE: The aim of this study was to produce poly(vinyl acetate) nanoparticles with indomethacin incorporated in them, assess the effect of time for dialysis of the residual monomer and initiator on the degree of incorporation of indomethacin in the nanoparticles and on the kinetics of its release, to include them in ophtalmic formulations. MATERIALS AND METHODS: Poly(vinyl acetate) nanoparticles with indomethacin were obtained by emulsion radical polymerization of vinyl acetate in the presence of indomethacin (in situ inclusion) and the absence of emulsifi er. To release the residual monomer and initiator (ammonium persulfate) the obtained latexes were dialysed for 6, 9, 18 and 23 hours and then the nanoparticles were freeze-dried. Structural analysis was performed by transmission electronic microscopy, infrared spectroscopy, differential thermal analysis and thermogravimetry. Release of indomethacin was observed using ultraviolet spectroscopy. RESULTS: We proved the delayed release of indomethacin from the poly(vinyl acetate) nanocarrier and the lack of chemical interaction between the polymer and indomethacin. After 9-hour dialysis the initiator and the residual vinyl acetate were removed from the nanoparticles, while the entrapped indomethacin kept therapeutic concentrations. CONCLUSIONS: Dialysis for more than 6 and no more than 9 hours is recommended to remove the residual monomer and initiator when preparing indomethacin nanoparticles by in situ radical emulsion polymerization of vinyl acetate, for inclusion in liquid ocular formulations.
INTRODUCTION
Infl ammatory ocular disorders are usually treated with antibiotics, corticosteroids, nonsteroidal antiinfl ammatory and antiviral agents, etc. 1 Many of these therapeutic agents face technological diffi culties because they are poorly soluble in water and cannot penetrate easily biological membranes. 2 In addition, there are certain limitations of conventional formulations and ocular drug absorption. Development of effective formulations possessing high therapeutic activity and reduced side effects is now a major challenge. 1, 3 There has been an increasing number of studies in the past decade addressing the issue of developing and applying more effective drug release systems that use nanocarriers made from biocompatible and biodegradable polymers. [3] [4] [5] [6] This is particularly the case with drugs that are virtually insoluble in water and for that reason highly ineffective when used as liquid formulations (ocular liquid formulations). [7] [8] [9] Indomethacin ([1-(4-chlorobenzoyl)-5-methoxy-2-methylindol-3-yl] acetic acid), (IMC) , is one such drug -it is for all practical purposes insoluble in water and unstable in acidic and alkaline solutions. 10 
77
Folia Medica 2013; 55(1): 76-82
© 2013 Medical University Plovdiv
There are reports in the literature about developing freeze-dried gelatin matrices with IMC with various degrees of crosslinking. 11 Balasubramaniam et al. developed an ion activated in situ gelation delivery system using gellan gum as a vehicle to provide a better precorneal availability of IMC in topically applied ocular drops. 12 This system provided sustained release of the drug over 8 hours in vitro; the developed formulations were therapeutically effi cacious in a uveitis induced rabbit eye model. Limwikrant et al. developed IMC nanoparticles in crosslinking of dextrin: they obtained more than 60% nanoparticles with an average size of 100-200 nm at optimal moisture conditions, the water content varying depending on the weight ratio of dextrin to IMC and the molecular weight of dextrin. 3 In a previous study we demonstrated the possibility of in situ inclusion of IMC in poly(vinyl acetate) (PVAc) and polystyrene nanoparticles using emulsion radical polymerization of monomers in the presence of IMC, underlining the effect of the ultrasound stirring applied on the inclusion of IMC into the nanoparticles and the subsequent release of IMC. 14 
AIM
The objective of the present study was to investigate what effect has the time for dialysis as a method for removal of residual monomers and initiator in developing models of poly(vinyl acetate) indomethacin carriers (IMC-PVAc) to be used in a drug-release system in ocular ophthalmic solutions.
MATERIALS AND METHODS
The following reagents were used in the study: indomethacin, purum, ≥ 99.0% (Fluka BioChemika); potassium dihydrogenphosphate, (Merck); di-sodium hydrogenphosphate (Merck); vinyl acetate, purum, ≥ 99.5% (Fluka); ammonium persulfate (AP), puriss. P.a., ACS reagent, ≥ 98% (RT), (Fluka).
OBTAINING IMC-PVAC NANOPARTICLES Radical emulsion polymerization of VAc in the presence of IMC was used, the VAc concentration being 10% (v/v) and IMC 1% (w/v). The polymerization was performed at stirring in an ultrasonic bath. The conditions for polymerization were: nitrogen atmosphere, 55° C, duration 90 min; initiator AP 1% (w/v). Monomer conversion for 90 min polymerization was 97-98%. The obtained latex was dialysed for 6, 9, 18 and 23 hours (using a dialysis membrane with MWCO 8000 Da) to remove the residual initiator and monomer, and then the samples were freeze-dried.
TRANSMISSION ELECTRON MICROSCOPY
Transmission electron microscope JEOL JEM 2100 was used to analyse the samples at accelerating voltage of 200 kV. The microscope had the following characteristics: voltage -80, 120, 160 and 200 kV; magnifi cation -from 50 to 1 500 000, point resolution -0.23 nm and lattice resolution -0.14 nm; it can work in the transmission electron microscopy (TEM) mode and selected area electron diffraction mode (SAED).
RELEASE OF IMC FROM THE MODEL NANOPARTICLES 5.2 mg from the test models, precise analytical balance weighed quantities, were placed in a thermostated beaker with 100.0 ml of dissolution medium (Sørensen's phosphate buffer with pH 7.4); temperature of 37° C; stirring velocity 100 min -1 .
The samples were taken for analysis at experimentally determined intervals.
The amount of released IMC was determined spectrophotometrically at λ = 320 nm using Ultrospec 3300 Pro after fi ltration with Chromafi l Xtra fi lter (0.45 μm). The measurements were made against the test medium -Sørensen's phosphate buffer pH 7.4.
Each test was repeated 3 times for statistical signifi cance.
FT-IR ANALYSIS FT-IR analysis was performed using Bruker Tensor 37 Spectrometer using the tablet technique with KBr, resolution 2 cm -1 at 120 scans for each sample.
THERMAL ANALYSIS (DTA-TG) Simultaneous DTA-TG analysis was conducted on Stanton Redcroft STA 780 at the following conditions: heating the sample from room temperature to 600° C, weight of the used samples -about 10 mg; heating rate -10° C/min and a blower atmosphere of Ar (20ml/min). Table 1 shows the different models of IMC-PVAc nanoparticles and the time for dialysis of the baseline latexes applied.
RESULTS
Data from TEM and SAED of selected models are shown in Fig. 1 . The pictures show that IMCPVAc-6 displays a heterogeneous structure of the particles with high aggregation proclivity (Fig. 1a) . Structures with irregular shape and different sizes are observed. IMC-PVAc-9 has much less pronounced (Fig. 1b) . The model that was dialysed for 18 hours (Fig. 1c) shows a similar picture to that of IMCPVAc-9 (Fig. 1b) . For comparison, Fig. 1d shows TEM of PVAc (without IMC) obtained after 10 hours dialysis. All models with IMC demonstrate some crystallization: Fig. 1e shows an electron diffraction pattern of the IMC-PVAc-9.
Drug release from the carriers in phosphatephosphate buffer pH 7.4 and ambient temperature 37° C was followed up for 7 hours. The IMC release profi les from the model carriers are shown in Fig.  2 : for this period, each of the studied models released a different amount of IMC. The least amount released IMC showed the model dialysed for the shortest time (6 hours). The possible reason for this result could be the formation of pores in the PVAc matrix at the extraction of the monomer and the initiator from it. The more complete the extraction of these compounds from the matrix is, the more pores are formed, which allows a complete release of IMC incorporated in the matrix. After 9 hours of dialysis, the extraction of the residual monomer and initiator was complete, no more pores were formed and the amount of released IMC became independent from the time of dialysis. The profi les of IMC release from samples dialysed for 9, 18 and 23 hours practically do not differ.
FT-IR spectra of pure IMC, IMC-PVAc-9, IMCPVAc-6 and PVAc carrier without IMC are shown in Fig. 3 . The spectrum of pure IMC shows the spectral bands of C = O vibrations in the range of 1600-1750 cm -1 . The peak at 1739 cm -1 is associated with asymmetric acid υС = О vibration of the cyclic dimmer, while the peak at 1693 cm -1 is assigned to the benzoyl υС = О vibration. Here we apparently have a manifestation of the more stable and less soluble IMC polymorph (γ). The other α-polymorph of IMC is known to have these carbonyl vibrations occurring at lower wave numbers. 15, 16 Analysis of FT-IR study shows a great similarity of the pure IMC spectra with these of the models of IMC-PVAc-6 and IMC-PVAc-9, this similarity being more pronounced in the model dialysed for 9 hours. 17 This fact indicates that the IMC-PVAc are not a result of a chemical interaction, but rather of physical mixing with the possibility of forming weak hydrogen bonds and generating, perhaps, eutectic mixtures of the components. 16 The results of thermal analysis are presented in Fig. 4 (DTA curves in Fig. 4a and TG curves in Fig. 4b ). The fi rst endothermic peak on DTA curve of the pure IMC is associated with the melting process and does not correspond to weight losses of the TG curve. This peak of the pure IMC occurs at 168° C and shows a shift to lower temperatures, 163° C and 162° C, for IMC-PVAc-9 and IMCPVAc-6, respectively. Such shift of the melting point is a further proof of certain physical interaction between components in IMC-PVAc blends. 18 The higher intensity of this peak for IMC-PVAc-9 is associated with the distinct presence of IMC in this model, compared to IMC-PVAc-6. The second endothermic effect on DTA curve of the pure products and the model systems (in the range 280-400° C) is related to their decomposition and releasing of volatile components, which corresponds to weight loss on TG curves. The weight loss is one step and almost 100% in the case of IMC, while in PVAc it is a two-step process and does not reach 100% in temperature conditions under the study (up to 600 °C). The evolution of DTA and TG curves shows greater similarity between IMC and the model of IMC-PVAc dialysed for 9 hours, compared to the model dialysed for 6 hours.
DISCUSSION
The similarity in the microscopic data demonstrates that the different time for dialysis does not infl uence the structure and morphology of the nanoparticles. The release profi les show a slowdown of the IMC release in all models regardless of the time of dialysis. 16, 19, 20 The only difference is the amount of released IMC for a certain period. Most likely, dialysis performed for longer than 6 hours leads to a more effi cient removal of the residual monomer and initiator from the sample. The presence of the latter in the models leads to acidifi cation of the aquatic environment and then to chemical and physical (sedimentation) instability of the released IMC. Considering the similar values for IMC released from the samples undergoing dialysis for 9, 18 and 23 hours, it can be concluded that the dialysis for removal of residual monomers and initiator is suffi cient if it is performed for more than 6 hours and no more than 9 hours. This conclusion is confi rmed by the FT-IR and DTA-TG analyses which show a more distinct presence of IMC in the carrier dialysed for 9 hours compared to the carrier dialysed for 6 hours, these models being eutectic physical mixtures between the drug and the carrier.
CONCLUSIONS
The present in situ method of polymerization of VAc monomers in the presence of IMC is suitable for producing nanoparticles as drug release systems, with a dialysis over 6 hours and no longer than 9 hours being the proper procedure to obtain maximum quantity of IMC in IMC-PVAc -latex. With these carriers delayed release of the IMC incorporated in the IMC-PVAc nanoparticles was achieved. These model nanocarriers are suitable to be used as drug delivery systems in liquid ocular formulations. 
